ABSTRACT: Grains grown in various regions of the United States vary in their innate or natural Se contents. A regional study evaluated the effects of adding inorganic Se (sodium selenite) or organic Se (Se yeast) to diets with differing innate Se contents. A 2 × 2 + 1 factorial evaluating 2 Se sources (organic or inorganic) at 2 Se levels (0.15 or 0.30 mg/kg) in 18 total replicates (n = 360 total pigs). A basal diet was fed without supplemental Se and served as the negative (basal) control. The study was conducted as a randomized complete block design in 9 states (Georgia, Illinois, Kentucky, Nebraska, North Carolina, Ohio, South Dakota, Texas, and Wisconsin) with each station conducting 2 replicates. Pigs were fed from 25 to approximately 115 kg BW. Similar dietary formulations were used at each station, incorporating a common source of trace mineral and Se premixes. Three pigs per treatment in 16 replicates (n = 240) were bled at 55, 85, and 115 kg BW and serum Se and glutathione peroxidase (GSH-Px) activities were determined. Three pigs (n = 260) from each treatment pen were killed at 115 kg BW and issues (liver, loin, and hair) were analyzed for Se. The corn Se content from the various states ranged from 0.026 to 0.283 mg Se/kg while the soybean meal Se content ranged from 0.086 to 0.798 mg Se/kg. Tissue and serum Se concentrations were greater (P < 0.01) when supplemental organic Se was fed, whereas serum GSHPx was greater (P < 0.01) as Se level increased. There were linear increases (P < 0.01) in loin and quadratic increases (P < 0.01) in liver and hair Se concentrations as dietary Se level increased within each state. There was a source × level interaction (P < 0.01) for each tissue resulting in a greater increase when organic Se was fed. Serum Se and GSH-Px activity increased (P < 0.01) when both Se sources were fed and plateaued at each state at 0.15 mg Se/kg. There was a high and significant correlation between each tissue Se, serum Se, and GSHPx activity to dietary Se level indicating that those states having greater grain natural Se contents also had greater tissue Se concentrations. These results indicate that a large difference in corn and soybean meal Se concentrations exists between states, that the addition of organic or inorganic Se to these grains increased tissue and serum Se in each state, and that organic Se was incorporated at greater concentrations in the loin, liver, and hair tissues of grower-finisher pigs than inorganic Se.
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INTRODUCTION
Plants do not have a Se requirement but some can accumulate large quantities of Se within their matrix (Oldfield, 1999) . Most grains and forages retain Se reflecting their soil conditions (Allaway et al., 1966; Allaway, 1972) . Plants grown on dry, well aerated, and alkaline soils seem to absorb more Se, whereas soils under wet conditions are acidic in nature and generally have plants with lower Se contents. The soils in some states have naturally high Se contents, although such states also contain areas with moderate Se concentrations. The majority of Se in most plants is found as selenomethionine in the protein portion of the plant while the remainder is present as other organically bound as a Se metabolites or inorganic Se (Olson et al., 1970; Allaway et al., 1981) . The feeding of low Se grains to pigs often results in Se deficiencies (Mahan et al., 1973) . Historically, in the United States, those areas with grains of a high Se content are in the western Corn Belt and the upper barley and wheat producing states, whereas the eastern Corn Belt and the East and West Coast produce grains with lower Se contents (Mayland, 1985) .
Selenium is required by swine, largely as a component of several antioxidant enzymes located in soft tissue, principally as glutathione peroxidases (GSH-Px). Both natural and supplemental Se (organic and inorganic) contribute to the production of these enzymes. Under deficient conditions, mortality and morbidity are high (Mahan et al., 1973) . As a result, the U.S. Food and Drug Administration initially approved the addition of sodium selenite to pig diets at 0.10 mg/kg diet but this was later amended to 0.30 mg/kg diet (FDA, 1974 (FDA, , 1987 . Later, the addition of an organic Se yeast was approved (FDA, 2002) up to a supplemental level of 0.30 mg/kg. In all states, Se can legally be added to a level of 0.30 mg/kg diet regardless of grain Se content. This could produce diets with greater Se levels than required (NRC, 1998) and possibly affect other biological functions. This study examined the effects of adding organic or inorganic Se to corn-and soybean meal-based swine diets differing in their natural organic Se within the regions of the committee members.
MATERIALS AND METHODS
Several members of the regional NCCC-042 and S-1022 swine nutrition committees participated in a study to evaluate the effects of adding inorganic or organic Se at 2 levels to the diets of grower-finisher pigs using corn and soybean meal grown in their region and to measure the subsequent growth responses, tissue Se contents, serum Se, and serum GSH-Px activity at market weight. In each state, the individual scientists followed animal care protocols approved by their institutional animal care committee. The 9 states participating in the study were Georgia, Illinois, Kentucky, Nebraska, North Carolina, Ohio, Texas, South Dakota, and Wisconsin.
A basal diet without supplemental Se served as the negative control and used the corn and soybean meal available within their region. Treatment diets were supplemented with 0.15 or 0.30 mg Se/kg from sodium selenite or organic Se (Sel Plex; Alltech Biotechnology Center, Inc., Nicholasville, KY). Consequently, the experiment was a 2 × 2 + 1 factorial arrangement of treatments conducted in a randomized complete block design with 18 replicates. Each state conducted 2 replicates using pigs raised at their location and fed conventional nursery diets fortified with 0.30 mg Se/kg from sodium selenite. Diets were conventional corn-soybean meal formulations that met NRC (1998) nutrient requirements with Se as the experimental variable ( Table 1 ). The diets were fed in 3 phases: from 25 to 55, 55 to 85, and 85 to 115 kg BW. A common trace mineral premix and the Se premixes were prepared at 1 location (The Ohio State University) and sent to each participating scientist. This was done to prevent different mineral interactions from various trace mineral supplementations. The corn and soybean meal used in each state was obtained within the region of the study, or in cases where states normally imported corn or soybean, they used the sources normally fed to growerfinisher pigs within their state. Samples of diets and the grains that made up the diets were saved and later analyzed for Se.
Pigs of crossbreeding (genetics program varied by station) were allotted (n = 360 total pigs) to experimental diets on the basis of gender, weight, and litter to 5 treatments at an average weight of approximately 25 kg. The 2 Each station added their own vitamin premix that was typically used at their station. Each premix met or exceeded NRC (1998) requirements.
3 Se sources (sodium selenite or selenized yeast) were added at 0, 0.15, or 0.30 mg/kg to treatment diets at the expense of corn.
4 States used their own antibiotic of choice.
number of pigs per pen was constant within replicate but varied from 3 to 6 between states. Diets were provided ad libitum in meal form throughout the experiment. Diets were changed at 55 and 85 kg BW with pig gains and feed consumption measured. Three randomly selected pigs from each treatment pen were bled in 16 replicates from the vena cava before diet changes and at the end of the experiment. The blood was placed on ice, centrifuged at the respective laboratory, serum separated, frozen at -20°C, and stored for later analysis. When the study was completed, the samples were packed in dry ice and sent overnight to the Ohio station for determination of GSH-Px activity and serum Se concentration.
At approximately 115 kg BW, 3 pigs per treatment pen (n = 270) were harvested either at a local commercial abattoir or at the respective university meat laboratory facility. Before killing, a 3-to 5-g sample of hair was removed along the topline over the shoulder area of each pig and stored for later Se analysis. After pigs were killed, 50-to 100-g samples of loin muscle and liver were collected and frozen (-20°C) for later analysis. Samples were packed in dry ice and sent overnight to the Ohio station for Se analysis.
Laboratory and Statistical Analyses
Diet samples for each phase obtained from each station were pooled in equal proportions and diets, corn, and soybean meal were finely ground (Cyclotec 1093;
Tectator, Höganäs, Sweden) using a 1-mm screen. Hair samples were cleaned in ethanol, rinsed with distilled water, and dried before Se analysis. Serum, hair, liver, and loin tissue were wet ashed in nitric and perchloric acid and analyzed for their Se contents using the fluorometric method (AOAC, 2000) . Bovine liver from the National Institute of Standards and Technology was used as the Se standard. Serum GSH-Px activity was determined by spectrophotometry (Spectronic 20+, model 333182; Thermo Electron Corp.) using the procedure of Lawrence and Burk (1976) .
The ANOVA was conducted using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC) as a 2 × 2 + 1 arrangement of treatments with the basal diet as the negative control. Pen means and the average loin, liver, and hair Se content per pen from pigs killed was the experimental unit for measurement traits. The statistical model included the effects of state, Se source, Se level, blocks (replicates), the source × level interaction, and the 3-way interaction of state, source, and level with the treatment × block as the error term. Block was considered random. There were no 3-way interactions and therefore these are not reported. The basal or negative control treatment response was contrasted to the inorganic and organic Se sources and each Se source was analyzed independent of the other treatments to compare the innate Se treatment between the various states. The contrasts used the LSD and incorporated the basal diet with both Se sources and levels. Correlation coefficients (R 2 ) 2 The Se diet analysis is the average within each station across all treatments and phases.
3 Tissues collected at harvest.
4 GSH-Px activity/milliliter = micromoles of GSH-Px oxidized per minute using the molar extinction coefficient of 6.22 × 10 3 for NADPH.
5 Samples not collected at this station.
between stations were conducted between the dietary Se levels to each of the various measurements collected.
RESULTS
Dietary Se analysis of the innate basal treatment is reported in Table 2 . The treatment diets supplemented with organic or inorganic Se sources were analyzed and found to be within 10% of calculated experimental limits and are not reported. Supplementing the diets at 0.15 or 0.30 mg/kg did not affect pig ADG, ADFI, or G:F compared to the nonfortified Se basal diet ( Table 2) .
The main effect of loin, liver, and hair Se concentrations demonstrated that there was a difference in these tissues between Se sources (Table 3 ). The organic Se source had greater Se concentrations in the tissues measured than inorganic Se treatments (P < 0.01). As Se level increased, an increase (P < 0.01) occurred in loin, liver, and hair Se concentrations with the basal diet having the lowest Se concentration. A Se source × Se level interaction (P < 0.01) resulted for each tissue with the organic Se levels demonstrating a greater increase than when the inorganic Se source was provided.
The main effects of serum Se reported in Table 2 demonstrated that at 55 kg BW there was no difference in serum Se concentrations when either Se source was fed; however, there was an effect at the end of period 2 (85 kg BW) and period 3 (115 kg BW) when the organic and inorganic Se sources (P < 0.01) were fed. As the dietary Se level increased, there was an increase in serum Se (P < 0.01) at each level and period. There was a Se source × Se level interaction (P < 0.03) in period 1where the organic Se source was greatest when the level increased, but there were no significant interactions in period 2 and 3.
The main effect of treatments on serum GSH-Px activity from period 1 presented in Table 3 demonstrated no significant Se source response or a source × level interaction. However, as the level of dietary Se increased during periods 2 and 3, there was an increase (P < 0.01) in serum Se with no further increase above 0.15 mg Se/kg level. This indicates that a plateau occurs at the 0.15 supplemental Se level.
The treatment responses of tissues from the different states presented in Table 4 demonstrated that Se concentrations of each tissue were the lowest when the basal diet was fed (P < 0.01). There were no 3-way interactions for the loin, liver, or hair tissues. When the regression of the basal diet within each of the inorganic or organic Se levels was compared, there was a linear increase (P < 0.01) in loin, liver, and hair Se as dietary levels increased for all states but the greatest increase occurred from the addition of organic Se.
The treatment effects on serum Se concentration for the individual states are presented in Table 5 . Serum Se a-c Se level superscripts that differ within row are significantly different (P < 0.01).
1 P = probability value at the end of each production phase or diet change.
2 Glutathione peroxidase (GSH-Px) activity/milliliter = micromoles of GSH-Px oxidized per minute using the molar extinction coefficient of 6.22 × 10 3 for NADPH.
concentrations increased at each station as Se level increased for the overall experimental period (P < 0.01). Within individual states, the results demonstrated that those states having the greater innate dietary Se concentrations also had greater serum Se concentrations, but the interactions between states were not significant. The treatment effects for all states on serum GSH-Px activity resulted in greater responses (P < 0.01) when dietary Se levels increased (Table 5) . However, as the dietary inorganic Se level increased there was a greater increase (P < 0.01) in GSH-Px activity from the basal to the Se treatment diets that tended to increase (P = 0.09) when the organic Se source was fed. Those states with greater innate corn, soybean meal, and dietary Se concentrations generally had greater serum GSH-Px activities. The difference between the basal to the 0.15 Se dietary supplemental Se level was greater in those states with the lower innate grain or dietary Se concentrations but the states effect and their interactions were significant (Table 4) .
The effect of the natural innate Se concentration in the corn and soybean meal in the basal diet within each state was evaluated for each measurement. The tissues (loin, liver, and hair) had greater Se concentrations in those states with the greater corn, soybean meal, and dietary Se contents. There was a corresponding high and significant (P < 0.01 to <0.06) correlation (R 2 = 0.78 to 0.99) for these tissues when compared to the diets fed in those states. This indicates that pigs consuming corn and soybean meal diets with higher innate Se contents have a greater Se tissue and serum Se status and that supplemental Se may not be needed in these diets, at least to the upper limit of 0.30 mg/kg.
When serum Se and serum GSH-Px activities from feeding the basal diets were compared for each state there were significant increases in serum Se (P < 0.01) and se- 
DISCUSSION
Historically, it has been clearly recognized that grains in certain regions of the United States have lower Se concentrations while other regions have greater Se contents (Allaway, 1972; Cromwell et al., 1999) . The results of Ku et al. (1972) demonstrated a high correlation of dietary Se to loin Se content where grains of high Se content had greater muscle Se concentrations. This was corroborated by a later regional study where samples of tissue were collected from various regions of the United States that varied in their natural innate grain Se content but where the diets also had been supplemental with dietary Se (Mahan et al., 2005) . The results of Mateo et al. (2007) would concur in that tissue and serum Se increased even when the innate Se level was moderate. The results of the current experiment where supplemental Se from an inorganic or organic Se source was added to grains with differing innate Se contents also responded to Se sources and levels. Our results are consistent with previous reports in that regional differences exist in the retention of Se by pigs based on the innate grain Se content fed and that supplementing the diet with additional Se from either inorganic or organic Se further increased tissue Se concentrations. In addition, it confirms that feeding organic Se, largely in the form of selenomethionine, increased tissue Se more than inorganic Se and is more greatly retained by body muscle, liver, and hair in greater concentrations (Mahan et al., 1996 Kim and Mahan, 2001 ). This greater tissue retention is attributed to the organic Se in the yeast product containing selenomethionine and that this form of Se can directly replace methionine in muscle or hair protein, whereas such is not the case when sodium selenite was the dietary Se source.
Our primary objective was to evaluate the effect of 2 Se sources when added at 50% or at the upper approved level of Se in the diets of grower-finisher pigs using corn and soybean meal mixtures but at different locations. Diet 2 Samples were not collected from this station.
3 GSH-Px activity/milliliter = micromoles of GSH-Px oxidized per minute using the molar extinction coefficient of 6.22 × 10 3 for NADPH.
therefore differed in their Se contents based on innate Se in the grains. 
